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Figure 1. The Domain Organization of S. cerevisiae Cdc13
The multiple and differential functions contributed by the OB fold structures
(OB1–4) are indicated. Both OB1 and OB2 are involved in homo-dimerization,
but in addition, OB1 interacts with the Pol1 subunit of the DNA polymerase a.
OB3 confines the DNA binding domain that mediates the major high affinity
interaction to the single-stranded telomeric 30 overhang, whereas OB1
displays a weak DNA interaction. The recruitment domain (RD) interacts
with Est1 to recruit the telomerase enzyme, while OB4 interacts with Stn1 to
form the CST complex that is essential for telomere end protection and also
negatively regulates telomerase access to the DNA 30 end.
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Previewsthe other subcomponents of
the CST complex. Further-
more, recent data indicate
that Cdc13 contains many
residues that are phos-
phorylated, and significantly,
SUMOylation has been
shown to promote its interac-
tion with Stn1 (Li et al., 2009;
Tseng et al., 2009; Hang
et al., 2011; Wu et al.,
2012). Thus, future studies of
Cdc13 should inevitably in-
clude the investigation of
whether such posttransla-
tional modifications are in-
volved in the regulation of
the dimerization of this spe-cific OB2 domain, thereby providing
a way to regulate the assembly of the
CST complex. Distinct modifications
may provide the cue for conformational
changes, orchestrating the separate roles
of Cdc13 in the essential balancing act
needed for maintaining telomere length
homeostasis.4 Structure 21, January 8, 2013 ª2013 ElseviREFERENCES
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Proteins that bind single-stranded nucleic acids have crucial roles in cells, and structural analyses have
contributed to a better understanding of their functions. In this issue of Structure, Dickey and colleagues
describe several high resolution structures of a single OB-fold bound to different single-stranded DNA
(ssDNA) sequences and reveal a spectacular co-adaptability of the protein/ssDNA interactions.Proteins that bind single-stranded (ss) nu-
cleic acid molecules (ssDNA or ssRNA)
have crucial roles in the three domains
of life: bacteria, archaea, and eukarya.
ssRNA binding proteins are involved at
each step of the mRNA journey in cells.
Some remain bound to the transcribed
RNA until it is degraded, whereas others
transiently bind to RNA at different stages
of specific processes such as processing
(e.g., splicing), nuclear export, and trans-lation (Dreyfuss et al., 2002). Some RNA
binding proteins also function as RNA
chaperones by helping the RNA, which
is initially single-stranded, to form various
secondary or tertiary structures. ssDNA
binding proteins are involved in DNA
metabolism steps that require manipula-
tion of DNA in its single-stranded form.
They are involved in telomere-ends
maintenance, DNA replication, and DNA
recombination and repair (Brodericket al., 2010; Richard et al., 2009). In
most cases, these proteins act by pro-
tecting ssDNA from nucleases, prevent-
ing the formation of secondary structures
and/or promoting the recruitment of addi-
tional factors on targeted ssDNAs.
Several of these factors do not have
redundant functions, and therefore they
need to act on a specific target at a certain
time. In addition to their tightly regulated
production in cells, their specificity of
Figure 1. Co-adaptability of Protein and Single-Stranded Nucleic Acid Interactions
(A) The crystal structures of the Pot1pC OB-fold bound to the cognate 50-GGTTACGGT-30 (upper) and
non-cognate 50-GGTAACGGT-30 (lower) ssDNA sequences (Dickey et al., 2013).
(B) The solution structure of the SRSF2 RRM interacting with the 50-UCCAGU-30 (upper) and 50-UGGAGU-
30 (lower) ssRNA sequences (Daubner et al., 2012).
(C) Structures solved by X-ray crystallography of the Lin28 cold shock domain bound to two different RNA
sequences (Nam et al., 2011). The protein backbone is shown in different colors, and RNA is colored by
heavy atom type: orange, P atoms; yellow, C atoms; red, O atoms; blue, N atoms. Red letters highlight
sequence differences between the two structures presented in each panel. Bases depicted in red are sub-
jected to important rearrangements upon binding.
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Previewsinteraction can also be a crucial determi-
nant to correctly achieve their function.
But what is the basis of their specificity
of interaction with nucleic acid?
Specificity of single-stranded (ssDNA/
ssRNA) binding proteins (SSBP) is linked
to their ability to select the type of mole-
cule that they bind (RNA or DNA), the
shape of the molecule (single-stranded
or double-stranded), and the sequence.
The contribution of structural biology
to the discovery of SSBP modes of inter-
actions with nucleic acids has been
crucial because it revealed details of inter-
molecular contacts mediating their recog-
nition, including hydrogen bonds and
electrostatic and hydrophobic interac-
tions. NMR and X-ray crystallography
are two prolific methods to solve such
high resolution structures. For protein-
ssRNA (Cle´ry et al., 2008) and protein-
ssDNA complexes (Feklistov and Darst,
2011; Yoga et al., 2012), it was foundthat SSBPs can recognize their targets
with high specificity by employing a large
network of interactions, mostly based
on utilizing hydrogen bonds. Importantly,
in a majority of the cases, the specificity
of interactions implicated by these
structures was validated using compli-
mentary experiments such as mutational
analysis.
In this issue of Structure, Dickey et al.
(2013) used X-ray crystallography to solve
several high resolution structures in-
volving one of the two OB-fold domains
from Schizosaccharomyces pombe Pot1
protein, namely Pot1pC, in complex with
its cognate as well as six non-cognate
ssDNA ligands. Pot1 belongs to the family
of telomere-end protection proteins,
which bind the 30 ssDNA overhang of
telomeres with high affinity and protect
them from the DNA damage-response
machinery. OB-fold domain is the most
frequent domain found in ssDNA-inter-Structure 21, January 8, 20acting SSBPs. These domains range
between 70 and 150 amino acids in
length. Despite their weak sequence
conservation, they have a characteristic
fold that comprises two three-stranded
antiparallel b sheets, with b1 shared by
both sheets, forming a b-barrel (Fig-
ure 1A). In addition, an a helix located
between b3 and b4 strands is frequently
found packing against the bottom of the
barrel (Figure 1A). With few exceptions,
ssDNA binds in 50 to 30 direction from
strands b4-b5 to b2. The canonical
binding surface, which involves b strands
b2 and b3, can be extended by loops b1-
b2 (L12), b3-a (L3a), a-b4 (La4) and b4-b5
(L45) (Theobald et al., 2003).
The OB-fold domain of Pot1pC con-
tains two unusual features: an extended
17-residue loop between b2 and b3
strands (the loop L23) and a sixth b strand
that creates an additional loop (L56) (Fig-
ure 1A). Contrary to its human homolog,
the loop L23 is not packed against the
b-barrel of the domain, providing a large
binding interface that can accommodate
a 9-mer ssDNA. Also, the bent of about
90 adopted by the cognate ssDNA (50-
GGTTACGGT-30) upon binding is unusual
(Figure 1A). The structure of this complex
reveals that interactions between Pot1pC
and this ssDNA involve 27 intermolecular
H-bonds, including 22 base-mediated
H-bonds. This huge interaction network
suggested a very specific recognition of
the cognate ssDNA by the protein. How-
ever, substitution of single nucleotides in
the cognate ssDNA had only a modest
effect on Pot1pC affinity. To understand
this apparent discrepancy, Dickey et al.
(2013) solved the structure of Pot1pC
bound to six additional non-cognate
ssDNAs carrying different point muta-
tions. Remarkably, this domain adapts to
the different sequences tested using the
malleability of its backbone (especially
from loop L23), the relocation of its flexible
side chains, and water mediated H-
bonds. In addition, the ssDNA molds into
the protein interface by rotation of bases
around the glycosidic bond and subtle
modifications of nucleotide conforma-
tions within binding pockets. Even more
spectacular is the single mutation T4A,
which does not affect the affinity of
the domain for the corresponding non-
cognate ssDNA but results in fairly
different interactions for most nucleotides
(Figure 1A).13 ª2013 Elsevier Ltd All rights reserved 5
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PreviewsThe data is a good illustration of the
propensity of SSBPs to interact with nu-
cleic acids via adaptations of the protein
binding interface and/or of the ssDNA.
Interestingly, similar adaptations were
observed in some RNA recognition motifs
(RRMs), structures bound to RNA. Most
recently, it was shown by NMR that the
human protein SRSF2 can specifically
recognize equally well 50-GGNG-30 and
50-CCNG-30 (N is for any nucleotide)
sequences using almost the same
network of hydrogen bonds (Figure 1B)
(Daubner et al., 2012). In the 50-GGNG-30
complex, the two first guanines adopt
a syn conformation exposing their Hoogs-
teen faces to the protein binding surface,
while in the 50-CCNG-30, the two cyto-
sines adopt an anti conformation, expos-
ing their Watson-Crick edges (Daubner
et al., 2012). Similarly, an adenine in a
syn conformation can be adopted instead
of a uracil in the structure of HuD in
complex with RNA (Wang and Tanaka
Hall, 2001). As a last example, one could
also mention the cold shock domain of
Lin28, which adopts a structure very
similar to an OB-fold and binds ssRNAs6 Structure 21, January 8, 2013 ª2013 Elseviwith only limited sequence specificity,
because it can adapt its mode of interac-
tion to different RNA targets (Figure 1C)
(Nam et al., 2011).
This high versatility of SSBP interac-
tions with nucleic acids makes the predic-
tion of their sequence-specificity or their
in silico modeling difficult and questions
if one might be able to decipher a code
for nucleic acid recognition by SSPBs
(Auweter et al., 2006). Structure determi-
nation combined with affinity measure-
ments using mutated protein and nucleic
acid partners remains the best approach
to firmly establish if a mode of nucleic-
acid recognition is sequence-specific or
not, as sequence-specificity on the
sole basis of high-resolution structures
appears clearly to be insufficient.
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Hepatitis B virus core gene products can adopt different conformations to perform their functional roles. In
this issue ofStructure, DiMattia and colleagues show the crystal structure of immuno-modulating HBeAg and
thereby reveal the similarities and differences between it and HBcAg, the variant found in virions.How can one protein generate two
distinct immune responses and be en-
dowedwith at least two unique functions?
Some proteins achieve multiple functions
through intrinsically disordered regions,
others by subtle allosteric shifts. The
Hepatitis B virus (HBV) core protein
undergoes a radical reorientation of its
dimer interface; it is a striking example
of Gregorio Weber’s characterizationthat a protein is a ‘‘kicking, screaming,
stochastic molecule.’’
HBV chronically infects 360 million
people. It has a unique ability to establish
virus-specific immuno-tolerance while
continually producing infectious virus
particles. The core gene, the source of
‘‘e’’ and ‘‘c’’ antigens, plays both sides of
this street. The ‘‘c’’ antigen (HBcAg) is a
homodimeric protein that self-assemblesto package viral RNA and reverse tran-
scriptase; this complex is the HBV core.
The ‘‘e’’ antigen (HBeAg) translation
begins at an upstream methionine so
that it includes a signal sequence that
leads it to be secreted after proteolytic
processing of the signal and removal of
theRNA-bindingC terminus. The resulting
HBeAg sequence thus includes a 10
amino acid propeptide. While HBcAg
